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(57) ABSTRACT 

A plasma processing apparatus Suitable for high-speed and 
high-definition etching is provided. By applying to a wafer 
chucking electrode 9 a Voltage waveform in which an 
absolute value of high frequency Voltage increases with time 
and Switching between a positive Voltage and a negative 
Voltage occurs, a rectangular high frequency Voltage is 
caused to be generated in the wafer 10, with the result that 
the duty ratio of the rectangular high frequency Voltage 
decreases and that the high energy ion ratio in the energy 
distribution of ions incident on the wafer increases. There 
fore, high efficiency and high accuracy etching becomes 
possible, providing the advantage that the material Selection 
ratio is improved. 
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PLASMA PROCESSINGAPPARATUS HAVING 
HIGH FREQUENCY POWER SOURCE WITH SAG 
COMPENSATION FUNCTION AND PLASMA 

PROCESSING METHOD 

0001. The present application claims priority from Japa 
nese patent application JP2003-247828 filed on Oct. 17, 
2003, the content of which is hereby incorporated by refer 
ence into this application. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a plasma process 
ing apparatus and, more particularly, to a plasma processing 
apparatus which is Suitable for etching a workpiece, Such as 
a Semiconductor element Substrate, by using plasma and 
applying a high frequency Voltage to the Substrate. 
0004 2. Description of the Related Art 
0005. In conventional plasma processing apparatus, for 
example, as described in Patent Document 1, a high fre 
quency Voltage having a Sine waveform was applied to an 
electrode on which a wafer, which is the object to be 
processed, is placed. In this case, as shown in FIG. 12, the 
ion energy distribution on the wafer has a Saddle peak 
distribution which has two peaks, one on the high energy 
Side and one on the low energy Side. Although ions of the 
high energy peak contribute to etching, ions of the low 
energy peak Scarcely contribute to etching. In a case where 
a high frequency Voltage having a Sine waveform is applied, 
the ratio of the high energy peak height to the low energy 
peak height is almost 1:1. Even when the high frequency 
Voltage is changed, this high/low energy ion ratio Scarcely 
changes, posing the problem that the etching efficiency is 
low. 

0006 Patent Document 1: Japanese Patent Laid-Open 
No. 5-174995 

0007. The object of the present invention is to provide a 
plasma processing apparatus capable of high etching rate 
and high performance etching. 

BRIEF SUMMARY OF THE INVENTION 

0008. In order to achieve the above object, the present 
invention provides a high frequency application means 
which ensures that a high frequency Voltage waveform 
generated in an object to be processed becomes rectangular. 
Via a high frequency Voltage waveform control circuit (a Sag 
correction circuit) which changes with time an absolute 
value of Voltage on at least either of the positive side and 
negative side of a rectangular high frequency Voltage, a high 
frequency power Source which generates a rectangle wave is 
connected to an electrode on which an object to be processed 
is placed. The high frequency Voltage waveform control 
circuit (the Sag correction circuit) is automatically controlled 
with respect to a monitored quantity So that a rectangular 
wave is applied to the object to be processed. As a result, a 
rectangular high frequency Voltage is applied to the object to 
be processed. Ions incident on the wafer, which is the object 
to be processed, are accelerated by an electric field in an ion 
sheath formed on the wafer. This electric field in an ion 
sheath has a bearing on a potential difference between the 
plasma potential on the ion sheath and the wafer potential 
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and the thickness of the ion sheath. When a rectangular high 
frequency Voltage is applied to the wafer, low energy ions 
become incident on the wafer during the period of applica 
tion of a positive Voltage, and high energy ions become 
incident on the wafer during the period of application of a 
negative Voltage. Therefore, by varying the duty ratio of a 
rectangular high frequency Voltage, it is possible to vary the 
ratio of high energy ions and low energy ions which become 
incident on the wafer. As a result, it becomes possible to 
perform high etching rate and high performance etching. 
0009. According to the present invention, by applying, to 
a wafer chucking electrode 9, a Voltage waveform in which 
an absolute value of high frequency Voltage increases with 
time and Switching between a positive Voltage and a nega 
tive Voltage occurs, a rectangular high frequency Voltage is 
caused to be generated in the wafer 10, and as a result, 
etching with high efficiency and high performance becomes 
possible, providing the advantage that the etching Selectivity 
of materials is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a longitudinal cross-sectional view of a 
magnetic field UHF etching apparatus, which is an embodi 
ment of a plasma processing apparatus of the present inven 
tion; 
0011 FIG. 2 is an explanatory diagram of a circuit 
configuration of an impedance matching network 11 con 
nected to a wafer chucking electrode 9, a high frequency 
voltage waveform control circuit (a Sag correction circuit) 
12 and a DC power Source 14 according to an embodiment 
of the present invention; 
0012 FIG. 3 is a diagram of a high frequency voltage 
waveform applied to a wafer chucking electrode 9 according 
to an embodiment of the present invention; 
0013 FIG. 4 is a diagram of a high frequency voltage 
waveform in a wafer 10 according to an embodiment of the 
present invention; 
0014 FIG. 5 is an energy distribution diagram of ions 
incident on a wafer in a case where the duty ratio of a 
rectangular high frequency Voltage is varied according to an 
embodiment of the present invention; 
0015 FIG. 6 is a diagram of a rectangular high frequency 
Voltage waveform applied to a wafer chucking electrode 9 in 
a comparative example, 
0016 FIG. 7 is a diagram of a high frequency voltage 
waveform in a wafer 10 in a case where a rectangular high 
frequency Voltage is applied to a wafer chucking electrode 
9 in a comparative example, 
0017 FIG. 8 is an explanatory diagram of the definition 
of the amount of Sag of a rectangular wave according to an 
embodiment of the present invention; 
0018 FIG. 9 is a graph showing the relationship between 
the ratio of amount of Sag and the UHF output in a Voltage 
waveform of a wafer 10 according to an embodiment of the 
present invention; 
0019 FIG. 10 is a graph showing the relationship 
between the ratio of amount of Sag and the capacitance of a 
capacitor in a Voltage waveform of a wafer 10 according to 
an embodiment of the present invention; 
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0020 FIG. 11 is a diagram of a voltage waveform in a 
wafer 10 in a case where the duty ratio T/T of a rectangular 
wave is increased to 50% or greater according to an embodi 
ment of the present invention; 
0021 FIG. 12 is an explanatory diagram of the energy 
distribution of ions incident on a wafer in a case where a 
high frequency Voltage with a Sine waveform is applied to an 
electrode on which a wafer is to be placed in a conventional 
method; 
0022 FIG. 13 is a longitudinal cross-sectional view of a 
magnetic field UHF etching apparatus, which is an embodi 
ment of a plasma processing apparatus of the present inven 
tion; 
0023 FIG. 14 is a longitudinal cross-sectional view of a 
magnetic field UHF etching apparatus, which is an embodi 
ment of a plasma processing apparatus of the present inven 
tion; 
0024 FIG. 15 shows a wafer voltage waveform of a 
wafer 10 obtained by Sag-correction and clipping a Sine 
wave Voltage waveform and an energy distribution diagram 
of ions incident on a wafer 10 in each wafer voltage 
waveform; 
0.025 FIG.16is a diagram explaining the high energy ion 
ratio in an embodiment of the present invention; 
0.026 FIG. 17 is a diagram showing the Vpp dependence 
of the high energy peak ratio in an embodiment of the 
present invention; 
0027 FIG. 18 shows a wafer voltage waveform of a 
wafer 10 obtained by controlling the ratio of amount of sag 
in a Sine wave Voltage waveform and an energy distribution 
diagram of ions incident on a wafer 10 in each wafer Voltage 
waveform; and 
0028 FIG. 19 is a diagram showing the dependence of 
the high energy peak ratio on the ratio of amount of Sag 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0029. The first embodiment of the present invention will 
be described with reference to FIG. 1 to FIG. 12. 

0030 Embodiment 1 
0.031 FIG. 1 shows a magnetic field UHF etching appa 
ratus, which is an embodiment of a plasma processing 
apparatus of the present invention. After depressurizing the 
interior of a processing chamber 1 defined by a block 1a, a 
discharge tube 1b and a quartz window 2 via a vacuum 
System (not shown), an etching gas is Supplied to the interior 
of the processing chamber 1 via a gas Supply device (not 
shown) and the pressure of the processing chamber 1 is 
adjusted to a desired proceSS condition. The processing 
chamber 1 is located within a magnetic field region gener 
ated by a coil 3 and a yoke 4. A UHF wave, which is 
generated by a high frequency power Source 5 and has a 
frequency of 450 MHz in this example, travels through an 
impedance matching network 6, propagates through a 
coaxial wave guide (cable) 7, passes through the quartz 
window 2 from an antenna 8, and enters the interior of the 
processing chamber 1. Due to an interaction with the mag 
netic field, the UHF wave generates plasmas within the 
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processing chamber 1. A wafer 10 placed on a wafer 
chucking electrode 9 is Subjected to etching treatment by the 
plasmas generated by this UHF wave. In order to control the 
etching shape of the wafer 10, a rectangular high frequency 
power Source 13 is connected to the wafer chucking elec 
trode 9 via a matching device 11 and a high frequency 
voltage waveform control circuit (a Sag correction circuit) 
12, thereby making it possible to apply a high frequency 
Voltage. An electrode current monitor 15 is connected to a 
high frequency Voltage application portion of the wafer 
chucking electrode for measuring a current waveform gen 
erated in the electrode. A measured electrode current is used 
as a control Signal of the high frequency Voltage waveform 
control circuit (Sag correction circuit) 12. 
0032 ADC power source 14 is connected to the wafer 
chucking electrode 9, the Surface of the electrode being 
covered with a dielectric film (not shown). As a result, the 
wafer 10 is chucked by electrostatic force on the electrode 
Via dielectric film. A shower plate 2a made of quartz is 
provided under the quartz window 2. The etching gas flows 
between the quartz window 2 and the shower plate 2a and 
is introduced into the processing chamber 1 through a gas 
introduction port provided in the center of the shower plate 
2a. Because the etching gas is Supplied directly above the 
wafer 10, a highly uniform etching is possible. In the interior 
of the processing chamber 1, a quartz cover is provided in 
order to prevent pollution. 
0033 FIG.2 shows an example of a circuit configuration 
of the impedance matching network 11 connected to the 
wafer chucking electrode 9, the high frequency Voltage 
waveform control circuit (Sag correction circuit) 12 and the 
DC power source 14. The impedance matching network 11, 
which is constituted by an inductor and a capacitor, requires 
frequency characteristics of a wide band to keep the rect 
angular Voltage waveform input from a rectangular high 
frequency power Source 13. The impedance converter uses 
a high frequency transformer, for example. The high fre 
quency Voltage waveform control circuit (Sag correction 
circuit) 12 is composed of a Semiconductor element, Such as 
a diode and an FET, and a capacitor. Basically, the high 
frequency Voltage waveform control circuit (Sag correction 
circuit) 12 can clip the rf Voltage waveforms at any voltage. 
The high frequency Voltage waveform control circuit (sag 
correction circuit) 12 contains diodes D1, D2 and variable 
capacitance capacitors VC1, VC2 connected in Series 
thereto. The high frequency Voltage waveform control cir 
cuit (Sag correction circuit) 12 ensures that a change occurs 
from a waveform which is clipped flat by the capacitance of 
the capacitors VC1, VC2 to a waveform in which an 
absolute value of Voltage increases with time. The high 
frequency Voltage waveform control circuit (Sag correction 
circuit) 12 is not limited to the circuit shown in FIG. 2, and 
any circuit can be used if it can clip a waveform in Such a 
method that an absolute value of high frequency Voltage 
increases with time, for example, like an integral circuit or 
a phase control circuit. Furthermore, an automatic control 
circuit 16, which can vary the capacitance of the capacitors 
according to a monitored quantity, is connected to VC1, 
VC2. Although in FIG. 1, a monitored quantity is a current 
obtained from the electrode current monitor 15 installed on 
the electrode, the monitored quantity can be set to any one 
of a Voltage generated in the object to be processed, a current 
which flows into the object to be processed, a Voltage of the 
wafer chucking electrode, a power applied to the object to be 
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processed and an output power of the high frequency power 
Source. In FIG. 1, VC1 and VC2 are controlled so that the 
waveform of the electrode current becomes closest to a 
rectangular wave. The high frequency Voltage whose wave 
form has been clipped is applied to the wafer chucking 
electrode 9 via capacitor C2 which blocks a DC current. The 
DC power Source 14 is connected to the wafer chucking 
electrode 9 via an inductor L3. This inductor L3 prevents the 
DC power Source from high frequency Voltage. 
0034 FIG. 3 shows a high frequency voltage waveform 
applied to the wafer chucking electrode 9, and FIG. 4 shows 
a high frequency voltage waveform in the wafer 10. In this 
case, the high frequency voltage is 400 kHz. FIG. 5 shows 
the energy distribution of ions incident on a wafer in a case 
where the duty ratio of a rectangular high frequency Voltage 
is varied. In this case, as shown in FIG. 4, T/T is defined 
as duty ratio wherein T is positive voltage and T is a period 
in the high frequency voltage waveform. When the duty 
ratio is 50%, as with the case of FIG. 9 where a sine wave 
high frequency Voltage is applied, the ratio of ions on the 
high energy Side peak height to ions on the low energy Side 
peak height is almost 1:1. However, when the duty ratio is 
reduced, the proportion of ions on the high energy Side 
increases and when inversely the duty ratio is increased, the 
proportion of ions on the low energy Side increases. If the 
energy of ions increases, the reaction efficiency of etching 
(the chemical Sputtering ratio) increases in proportion. 
Therefore, the larger the amount of ions on the high energy 
Side, the higher the etching rate. In other words, because the 
ion energy distribution is made monochromatic, it is poS 
Sible to perform processing, with the etching shape being 
Vertical and with high accuracy. For example, Vertical shape 
and high performance working in gate etching is possible. 
Furthermore, because the relationship between ion energy 
and the chemical Sputtering ratio differS depending on the 
object to be etched, by Selecting optimum ion energy, it is 
possible to improve the Selective etching ratio of a plurality 
of objects to be etched. For example, it is possible to 
improve the etching Selectivity ratio of a hard mask in the 
etching of a low dielectric constant (Low-k) insulating film 
and the Selective etching ratio with respect to an ultrathin 
oxide film of the Substrate in gate etching. In the etching of 
a low dielectric constant (Low-k) insulating film, the fre 
quency of the high frequency power Source was set to 800 
KHZ. 

0035) In a case where a rectangular high frequency 
voltage as shown in FIG. 6 is applied to the wafer chucking 
electrode 9, the high frequency voltage in the wafer 10 has 
a waveform as shown in FIG. 7. That is, the absolute value 
of high frequency Voltage decreases with time (this phe 
nomenon is hereinafter called a Sag). The Sag is defined as 
shown in FIG.8. When the amplitude of a rectangular wave 
voltage waveform is denoted by V. (V) and the amount of 
sag by V. (V), sag ratio (%) is defined by the following 
equation: 
0036). Formula 1 

V. (1) 
Sag ratio (%) = W. x 100 

0037 FIG. 9 shows the UHF power dependence of the 
ratio the of amount of Sag. When the plasma density 
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increases by increasing the UHF power, the Sag ratio 
increases. FIG. 10 shows the dependence of Sag ratio on the 
capacitance of a capacitor formed by a dielectric film for an 
electroStatic chuck etc. When the capacitance of a capacitor 
is increased, Sag ratio decreases. From the foregoing, it can 
be said that an effective differentiation circuit, which is 
formed by the capacitance of a capacitor of a dielectric film 
for an electrostatic chuck etc. provided on the Surface of the 
wafer chucking electrode 9 and the plasma resistance of 
formed bulk plasmas, is the cause of the Sag. When the 
resistance is denoted by R and the capacitor is denoted by C, 
the Sag V in a differentiation circuit is generally given by the 
following equation: 

0.038. Formula 2) 
V=V-Vxexp(-AtlRC) (2) 

0039 FIG. 11 shows the result of a calculation of the 
dependence of the ratio of the amount of Sag on the 
capacitance of a condenser when the plasma resistance is 
constant. When the high frequency voltage in the wafer 10 
has a waveform with a high ratio of the amount of Sag as 
shown in FIG. 7, the ion energy distribution is a broad one 
in which the energy width at a high energy peak and a low 
energy peak increases and the quantity of ions at the peaks 
decreases. For this reason, the etching rate, the working 
accuracy and the Selective etching ratio of materials 
decrease. In order to perform what is called a Sag correction 
in which an absolute value of Such a high frequency Voltage 
decreases with time, it is necessary to perform waveform 
clipping So that an absolute value of a high frequency 
Voltage increases with time due to the action of the high 
frequency Voltage waveform control circuit (Sag correction 
circuit) 12 and to apply a high frequency Voltage to the wafer 
chucking electrode 9. Because the plasma resistance differs 
depending on etching conditions, the amount of Sag also 
differs. In order to generate a rectangular high frequency 
voltage in the wafer 10 as shown in FIG. 4, it is necessary 
to automatically control the high frequency Voltage wave 
form control circuit (the Sag correction circuit) 12. In the 
present method, the high frequency Voltage wave form 
control circuit (the Sag correction circuit) 12 is automatically 
controlled by using a parameter correlated to the amount of 
Sag occurring in the wafer as a monitored quantity. The high 
frequency Voltage wave form control circuit (the Sag cor 
rection circuit) 12 may also be automatically controlled by 
using a computed value of a monitored quantity. 

0040 AS described above, by applying, to a wafer chuck 
ing electrode 9, a Voltage waveform in which an absolute 
value of high frequency Voltage increases with time and 
Switching between a positive Voltage and a negative Voltage 
occurs, a rectangular high frequency Voltage is caused to be 
generated in the wafer 10, with the result that high efficiency 
and high performance etching becomes possible, providing 
the advantage that the Selectivity etching ratio of materials 
is improved. 

0041 FIG. 11 shows a voltage waveform in the wafer 10 
when the duty ratio T/T of a rectangular waveform is 
increased to 50% or greater. The higher the duty ratio is, the 
higher an absolute value Vdc of the DC voltage component 
of a high frequency Voltage becomes. That is, a positive 
Voltage decreases. In general, a plasma potential is a positive 
Voltage, and the plasma potential when the Voltage in the 
wafer 10 is a positive voltage, is approximately 20 V above 
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the potential of the wafer 10, whereas the plasma potential 
at a negative Voltage is about 20V. Since the processing 
chamber 1 is grounded, an ion sheath is formed near the 
inner Surface of the processing chamber 1 and a high 
frequency Voltage corresponding to the plasma potential is 
applied to the ion sheath. Since ions accelerated by the 
electrical field of this ion sheath sputter the wall surface of 
the inner processing chamber, the wafer 10 is polluted with 
metal, posing the problem that the electrical properties of 
devices deteriorate eventually. Furthermore, in general, the 
lower the ratio of the area of the wafer 10 to which a high 
frequency Voltage is applied to the effective ground area, the 
higher the V/V, ratio, which provides an index of the 
application efficiency of a high frequency Voltage (as shown 
in FIG.4, V is a peak-to-peak voltage of a high frequency 
voltage). When the diameter of the wafer 10 is increased 
from 200 mm to 300 mm, the ratio of the area of the wafer 
10 to the effective ground area increases and hence the 
plasma potential increases, it has become important to take 
measures against the pollution with metal. In the case of the 
present invention, the larger the duty ratio becomes, the 
more the plasma potential can be reduced, providing the 
advantage that the pollution with metal can be prevented. 
0.042 Although in each of the above embodiments a 
description was given of the case where a high frequency 
Voltage is applied to the wafer 10, there is no restriction to 
the case So long as where a high frequency Voltage is applied 
to the interior of the processing chamber. For example, in the 
case of an insulating film etching apparatus, by installing a 
Silicon plate in a position opposite to the wafer 10 and 
applying a high frequency Voltage, excessive fluorine radi 
cals in the plasma generated by a fluorocarbon gas are 
removed and the Selecting etching ratio of a mask is 
improved. In the case of Such an apparatus, the same action 
and effect can also be obtained by ensuring that the Voltage 
in the Silicon plate obtains a rectangular high frequency 
Voltage waveform. Also, the same effect is obtained by 
ensuring that the voltage in both the wafer 10 and the silicon 
plate obtains a rectangular high frequency Voltage wave 
form, and a greater effect (in particular, the effect of Sup 
pressing the plasma potential) is obtained by adopting the 
Same frequency of the high frequency Voltage of the two and 
controlling a phase difference in the Voltage of the two 
(particularly, a phase difference of about 180 degrees). 
Particularly in the case of an insulating film etching appa 
ratus, because a high frequency Voltage of high output is 
applied to the wafer 10, the plasma potential increases and 
the Side wall of the processing chamber 1 is Sputtered and 
plasmas are diffused to the lower part of the processing 
chamber 1, posing the problem of occurrence of contami 
nants. However, in the case of this embodiment, the plasma 
potential can be Suppressed, which is effective in reducing 
the formation of contaminants, providing the advantage of 
an improvement in the operation rate of the apparatus and an 
increase in yield. 
0.043 Although the impedance matching network 11 was 
used in the above embodiments, for the Sake of Simplifica 
tion, it is also possible to replace the impedance matching 
network 11 with a high frequency transformer or exclude the 
impedance matching network 11 if the matching with the 
plasma load can be ensured to a certain degree. Also, the 
Same action and effect can be obtained, for the Sake of 
Simplification, by use of an arbitrary Signal generator and a 
high frequency power amplifier, wherein a Voltage wave 
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form in which an absolute value of high frequency Voltage 
increases with time as shown in FIG. 3 is applied to the 
wafer chucking electrode 9. Although in the above embodi 
ments a description was given by using a rectangular wave 
as an ideal case, almost the Same action and effect can be 
obtained even by using a trapezoidal wave or Similar waves 
having a waveform which is a little disturbed due to fre 
quency characteristics. 
0044) Embodiment 2 
004.5 The second embodiment of the present invention 
will be described with reference to FIG. 13. In this figure, 
the same reference numerals as in FIG. 1 indicate the same 
parts and hence the descriptions of these parts are omitted. 
Points of this figure which are different from FIG. 1 will be 
described below. The rectangular high frequency power 
Source 13 is constituted by a DC power source 17 and a 
Switching circuit 18 (a chopper circuit). A pulse waveform 
can be output by repeating the on and off operation of the DC 
output from the DC power Source at a high Speed by use of 
a Switching element. As a result of this, the same action and 
effect as in Embodiment 1 can be obtained and the con 
Struction of the rectangular high frequency power Source can 
be simplified. AS the Switching element used in the Switch 
ing circuit (the chopper circuit) 18, it is possible to use a 
thyristor, a GTO (a gate turn-off thyristor), an IGBT (an 
insulated gate bipolar transistor), a MOSFET, a power 
transistor, and So on. Furthermore, by connecting these 
Switching elements in Series and in parallel, it is possible to 
increase the Switching frequency, withstand Voltage and 
withstand current and the frequency of a rectangular wave 
capable of being applied to the wafer can be increased to 
about several MHz. Also, by controlling the on-off signal of 
the Switching element, a Voltage waveform in which an 
absolute value of high frequency Voltage increases with time 
as shown in FIG. 3 is generated. Therefore, the same action 
and effect as in Embodiment 1 are obtained even by applying 
this high frequency Voltage to the wafer chucking electrode 
9. In this case, the high frequency Voltage waveform control 
circuit (Sag correction circuit) 12 can be omitted, and the 
automatic control of the Switching circuit 18 (the chopper 
circuit) is performed by using, for example, a signal from the 
electrode current monitor 15 as a monitored quantity. 
0046 Embodiment 3 
0047 The third embodiment of the present invention will 
be described with reference to FIG. 14 to FIG. 19. In this 
figure, the same reference numerals as in FIG. 1 indicate the 
Same parts and hence the descriptions of these parts are 
omitted. Points of this figure which are different from FIGS. 
1 and 2 will be described below. The rectangular high 
frequency power Source 13 is constituted by a Sine wave 
output power Source 19. A Sine wave Voltage waveform 
output from the Sine wave output power Source 19 is clipped 
by the high frequency Voltage waveform control circuit (Sag 
correction circuit) 12, and a voltage waveform in which an 
absolute value of Voltage in a clipped portion increases with 
time is generated. As a result of this, it becomes possible to 
apply a waveform close to a rectangular high frequency 
Voltage waveform to the wafer. This enables the same action 
and effect as in Embodiment 1 to be obtained and the 
construction of the rectangular high frequency power Source 
to be simplified. 
0.048 FIG. 15(B) shows a waveform in which sag ratio 
of 0% was achieved in a wafer by clipping Sine wave Voltage 
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waveform. Control was performed So that the Sag ratio 
becomes 0% at the wafer potential by varying the clip 
voltage to -400 V and -200 V for a sine wave voltage 
waveform of V, 700 V with sag correction. FIG. 15(A) 
shows three-dimensionally the result of the measurement of 
the ion energy distribution in each wafer Voltage waveform. 
Although in a sine wave voltage waveform of V 700 V the 
proportions of the quantity of ions at a high energy peak and 
a low energy peak are each about 50%, the quantity of ions 
at the high energy peak is increased by Setting the clip 
voltage at -400 V and -200 V and the period of the flat part. 
In other words, an ion energy distribution close to a mono 
chromatic one can be obtained. When the peak quantity of 
ions on the low energy Side is denoted by PL and the peak 
quantity of ions on the high energy Side by PH, the high 
energy peak ratio is defined as follows: 

0049. Formula 3 

P (3) High energy peak ratio (%) = x 100 
P + PH 

0050 FIG. 17 shows the V, dependence of the high 
energy peak ratio. The high energy peak ratio of an ideal 
monochromatic ion energy distribution is 100%, whereas 
the high energy peak ratio is about 50% in a conventional 
Sine wave bias. In the Sine wave clip Voltage waveform with 
sag ratio of 0% shown in FIG. 15(A), the high energy peak 
ratio can be increased to about 85%. 

0051. The dependence of the ion energy distribution on 
the sag ratio is shown in FIG. 18(A). FIG. 18(B) shows a 
wafer Voltage waveform which was compensated for in 
terms of Sag and in which the Sag ratio was varied at the 
wafer potential from 0% to 13%, and FIG. 18(A) shows 
three-dimensionally the result of the measurement of the ion 
energy distribution at each ratio of the amount of Sag. When 
the Sag ratio increases, the peak quantity of ions on the high 
energy side PH decreases. FIG. 19 shows the dependence of 
the high energy peak ratio on the Sag ratio. When the high 
energy peak ratio is 80% or greater, the ratio of the amount 
of Sag must be not more than 10% in order to achieve an ion 
energy distribution close to a monochromatic one. 
0.052 Although in the above embodiments the frequency 
of the rectangular high frequency power Source 13 was 400 
kHz and 800 kHz, a frequency in the range of 10 kHz to 4 
MHz or so is preferred in consideration of the follow-up 
action of ions to alternating electric fields, and a frequency 
in the range of 100 kHz to 2 MHz or so is preferred in 
consideration of the incidence efficiency of ions on the 
wafer. 

0.053 Although in the above embodiments a description 
was given of the example of an etching apparatus based on 
the use of a magnetic field UHF discharge, the same action 
and effect can be obtained also from a dry etching apparatus 
which utilizes other discharges (a magnetic field microwave 
discharge, a capacitive coupled discharge, an inductively 
coupled discharge, a magnetron discharge, a Surface wave 
excitation discharge, and a transfer coupled discharge). 
Although in the above embodiments a description was given 
of an etching apparatus, the Same action and effect can be 
obtained also from other plasma processing apparatus which 
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perform plasma processing, Such as a plasma CVD appara 
tus, an ashing apparatus and a Surface modification appara 
tuS. 

What is claimed is: 
1. A plasma processing apparatus, comprising: 
a plasma generation means which generates plasma 

within the interior of a processing chamber; 
a means for applying a high frequency Voltage to an object 

to be processed; 
a processing chamber to which a vacuum System is 

connected and the interior of which can be depressur 
ized; and 

a gas Supply device which Supplies a gas to the interior of 
the processing chamber; 

wherein the plasma processing apparatus has a means for 
applying a high frequency Voltage in which a high 
frequency Voltage waveform generated in the object to 
be processed is Such that a positive constant Voltage 
and a negative constant Voltage alternate with each 
other at given cycles. 

2. The plasma processing apparatus according to claim 1, 
wherein the high frequency Voltage waveform generated in 
the object to be processed is a Substantially rectangular 
WWC. 

3. A plasma processing apparatus, comprising: 
a plasma generation means which generates plasma 

within the interior of a processing chamber; 
a means for applying a high frequency Voltage to an object 

to be processed; 
a processing chamber to which a vacuum System is 

connected and the interior of which can be depressur 
ized; and 

a gas Supply device which Supplies a gas to the interior of 
the processing chamber; 

wherein the plasma processing apparatus has, as a means 
for applying a high frequency Voltage to the object to 
be processed, a high frequency power Source which 
generates a high Voltage waveform in which a positive 
constant Voltage and a negative constant Voltage alter 
nate with each other at given cycles, and a high 
frequency voltage waveform control circuit (a Sag 
correction circuit) which increases with time an abso 
lute value of Voltage on at least either of the positive 
Side and the negative side of Said Voltage waveform. 

4. The plasma processing apparatus according to claim 3, 
wherein the high frequency power Source which generates a 
high Voltage waveform in which a positive constant Voltage 
and a negative constant Voltage alternate with each other at 
given cycles is a high frequency power Source which gen 
erates a Substantially rectangular wave. 

5. The plasma processing apparatus according to claim 1 
or 3, wherein the object to be processed is placed on an 
electrode which is coated with a dielectric film. 

6. The plasma processing apparatus according to claim 1 
or 3, wherein the means for applying a high frequency 
Voltage, which becomes a Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, is constituted by a 
DC power Source and a Switching circuit (a chopper circuit). 
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7. The plasma processing apparatus according to claim 1 
or 3, wherein the means for applying a high frequency 
Voltage, which becomes a Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, is constituted by a 
DC power Source and a Switching circuit (a chopper circuit), 
which uses as Switch elements a thyristor, a GTO (agate 
turn-off thyristor), an IGBT (an insulated gate bipolar tran 
sistor), a MOSFET and a power transistor. 

8. The plasma processing apparatus according to claim 1 
or 3, wherein the means for applying a high frequency 
Voltage, which becomes a Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, is constituted by an 
arbitrary Voltage waveform generator and a high frequency 
power amplifier. 

9. The plasma processing apparatus according to claim 1 
or 3, wherein the means for applying a high frequency 
Voltage, which becomes a Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, can vary the duty 
ratio of a Voltage waveform being output. 

10. The plasma processing apparatus according to claim 1 
or 3, wherein the means for applying a high frequency 
Voltage, which becomes a Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, is constituted by a 
Sine wave output power Source. 

11. The plasma processing apparatus according to claim 1 
or 3, wherein in the means for applying a high frequency 
Voltage, which becomes a Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, the given cycles are 
in the range of 0.25 usec to 100 usec (frequency: 10 kHz to 
4 MHz). 

12. The plasma processing apparatus according to claim 
3, wherein the high frequency Voltage waveform control 
circuit (the Sag correction circuit) is a clip circuit constituted 
by a Semiconductor element, Such as a diode and an FET, 
and a capacitor or the like. 

13. The plasma processing apparatus according to claim 
3, wherein the high frequency Voltage waveform control 
circuit (the Sag correction circuit) has the function of 
increasing with time an absolute value of Voltage on at least 
either of the positive side and the negative Side of Said 
rectangular high frequency Voltage waveform with respect 
to a monitored quantity, and performing control So that the 
high frequency Voltage waveform generated in the object to 
be processed becomes Substantially rectangular. 

14. The plasma processing apparatus according to claim 
3, wherein the high frequency Voltage waveform control 
circuit (the Sag correction circuit) has the function of detect 
ing as a monitored quantity at least any one of a current of 
an wafer chucking electrode, a Voltage generated in the 
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object to be processed, a current which flows into the object 
to be processed, a power applied to the object to be pro 
cessed and an output power of the high frequency power 
Source, increasing with time an absolute value of Voltage on 
at least either of the positive Side and the negative side of 
Said rectangular high frequency Voltage waveform, and 
performing control So that the high frequency Voltage wave 
form generated in the object to be processed becomes 
Substantially rectangular. 

15. The plasma processing apparatus according to claim 
3, wherein the high frequency Voltage waveform control 
circuit (the Sag correction circuit) has the function of detect 
ing as a monitored quantity at least any one of a current of 
an wafer chucking electrode, a Voltage generated in the 
object to be processed, a current which flows into the object 
to be processed, a power applied to the object to be pro 
cessed and an output power of the high frequency power 
Source, computing an approximate monitored quantity, 
increasing with time an absolute value of Voltage on at least 
either of the positive side and the negative Side of Said 
rectangular high frequency Voltage waveform, and perform 
ing control So that the high frequency Voltage waveform 
generated in the object to be processed becomes Substan 
tially rectangular. 

16. A plasma processing method in a plasma processing 
apparatus which comprises: 

a plasma generation means which generates plasma 
within the interior of a processing chamber; 

a means for applying a high frequency Voltage to an object 
to be processed; 

a processing chamber to which a vacuum System is 
connected and the interior of which can be depressur 
ized; and 

a gas Supply device which Supplies a gas to the interior of 
Said processing chamber; 

wherein the method comprises applying a high frequency 
Voltage in which a high frequency Voltage waveform 
generated in the object to be processed is Such that a 
positive constant Voltage and a negative constant Volt 
age alternate with each other at given cycles. 

17. The plasma processing method according to claim 16, 
wherein the high frequency Voltage waveform generated in 
the object to be processed is a Substantially rectangular 
WWC. 

18. The plasma processing method according to claim 16, 
wherein in the high frequency Voltage waveform in which a 
positive constant Voltage and a negative constant Voltage 
alternate with each other at given cycles, the duty ratio is 
varied according to proceSS conditions of the object to be 
processed. 


